SUMMARY: We report the autopsy of a stillborn fetus with congenital hyperthyroidism born to a mother with untreated Graves' disease, whose cause of death was congestive heart failure.
Graves' disease (GD) is characterized by hyperthyroidism clinically manifesting as hyperfunctioning diffuse hyperplastic goiter, at times accompanied by ophthalmopathy and dermopathy 17 . In nonendemic goiter areas, GD is the second most common thyroid disease. It occurs at all ages, but is more common during the 3rd and 4th decades of life 8 . The incidence of thyrotoxicosis during pregnancy is low (0.04 to 1.4%), and only 1 in 70 infants born to thyrotoxic mothers develops signs and symptoms of hyperthyroidism 10, 11 . Among newborns with hyperthyroidism, 60 % present transitory or self-limiting symptoms, 20 % die as a consequence of heart failure, and the remaining 20 % continue to present symptoms for more than 6 months, requiring more prolonged, though transitory, treatment 10 .
Having had the opportunity to autopsy a stillborn fetus with congenital hyperthyroidism who died of heart failure, we thought it would be justified to describe this case because of its rarity and because of the contribution its description may make to a better understanding of the disease.
CASE REPORT
A 27-year old white housewife sought the Gynecology and Obstetrics Outpatient Clinic of the Faculty of Medicine of Triângulo Mineiro (FMTM) in Uberaba, Minas Gerais State, Brazil for prenatal care during the 16th week of pregnancy. She was in good general condition, with arterial pressure of 130/70 mmHg, and a thyroid enlarged to twice the normal size, attributed to pregnancy. At the gestational age of 32 weeks and 3 days, the patient had exophthalmia and increased thyroid hormone concentrations: free T4, 5.2 ng/dl (normal range: 0.8-2.3 ng/dl), and TSH, 0.03 mIU/ml (normal range = 0.34-4.5 mIU). Weight was 62.8 kg, height 152 cm, body mass index was 27.18 kg/m2, arterial pressure 150 x 90 mmHg, and heart rate 96 systoles/minute. Treatment with propylthiouracil (150 mg every 8 hours) was started. One week later, with a gestational age of 36 weeks RHCFAP/2971 and 3 days according to the date of last menstruation and of 37 weeks and 4 days according to ultrasonography, the patient was admitted to the Teaching Hospital of FMTM, complaining of cramp-like pain in the lower abdomen lasting 12 hours. Gynecologic examination showed signs of labor, and the patient gave birth to a stillborn infant.
AUTOPSY
A white male fetus weighing 2750 g, with a vertex-to-heel length of 50.5 cm, vertex-coccyx length of 32 cm, a plantar distance of 7.5 cm, head circumference of 32.5 cm and chest circumference of 30 cm underwent autopsy. The fetus had scarce and fine hair, vernix caseosa in skinfolds, bilateral exophthalmia, and cyanotic extremities.
The major findings were observed in the skull, brain, thyroid, spleen, and placenta. The sutures were closed, with overlapping skull bones ( Figure  1 ). The brain weighed 312 g (normal weight = 297 g + 69 g) and had blood congestion and subarachnoid hemorrhage. The pituitary was investigated; the thyrotrophs were markedly suppressed. The thyroid was enlarged (weight, 3 g -normal weight: 1.3 g + 0.9 g) and had intense blood congestion ( Figure 2 ). Histologically, the organ had follicles with high colloid epithelium and abundant absorption vacuoles ( Figure 3 ).
The heart was globally enlarged (weight, 26 g -normal weight 19 g ± 5 g), and softened, with dilated cavities, had no congenital defects, and had hemorrhagic suffusions in the epicardium ( Figure 4 ). The pericardiac fluid was citrine-yellow and slightly increased.
The spleen was enlarged (weight, 23 g -normal weight 9 g ± 4 g), congested and with hematopoietic focal points observed by microscopy.
The placenta was normal in volume (weight, 460 g) and had both recent and earlier infarctions involving less than 20 % of its surface. Microscopy showed fibrin deposits and congestion of fetal blood vessels.
The umbilical cord vessels were fully exposed due to a decrease in the amount of Wharton's jelly. The remaining organs had only polyvisceral congestion.
DISCUSSION
We report the autopsy findings for a stillborn infant with congenital hyperthyroidism, whose cause of death appeared to be congestive heart failure. Hyperthyroidism was confirmed on the basis of maternal clinical data, and on the fetal findings of exophthalmia, early closure of cranial sutures (premature craniosynostosis), and goiter with signs of follicular hyperactivity.
Craniosynostosis has been observed as an isolated sign or as part of systemic disease and is one of the complications of congenital or juvenile hyperthyroidism, being observed more commonly in prolonged thyrotoxicosis 7 . Thyroid hormones are anabolic agents acting on bone formation during the early stages of childhood development, and their excessive concentrations act as a factor of acceleration of skeletal maturation and of closure of cranial sutures in children 1 .
These hormones increase bone formation directly through nuclear osteoblast receptors 18 , or indirectly through local growth factors such as insulin-growth factor-I (IGF-I) 15,23. The hormones also increase IGF-I protein content 14 and IGF-mRNA content 22 receptors of bone, directly stimulating bone formation 13, 18 . IGF-I is mainly produced by osteoblasts 4 and induces bone formation by stimulating DNA and bone matrix synthesis or by reducing collagen degradation 5, 16 . In view of the fact that IGF-I increases cortical bone formation 21, the sagittal suture may be more influenced than other sutures. Histological analysis shows that the suture fissure is filled with mesenchymal tissue similar to the exchange layer of long bone periosteum 2 . This property of long bones is involved in the general progress of osteogenesis and proliferation of intervening soft tissues 24 .
There are some reports of premature craniosynostosis with changes in thyroid hormones. Robinson et al. 19 reported the first case of a two-month old patient with Graves' disease with premature total fusion of the sagittal, coronal, and lambdoid sutures. In the case reported here, as illustrated in Figure 1 , not only the sagittal suture but also the coronal and lambdoid sutures were prematurely closed, with overlap of the bones at these levels. Although this was not observed in the present case, the brains of fetuses with hyperthyroidism may present ventriculomegaly represented by in vacuum hydrocephaly secondary to the absence of normal cerebral growth. The delayed brain development is a result of the premature arrest of cell division and the accelerated rate of neuron differentiation 12 .
After a careful review of the history of the mother, we considered the diagnosis of Graves' disease in the eighth month of pregnancy to be late, a fact possibly attributable to the difficulty in diagnosing hyperthyroidism that starts during pregnancy, especially in its discrete and moderate forms, since the common findings of thyroid hyperfunction are frequently similar to typical changes occurring during pregnancy, i.e., increased cardiac overload, tachycardia, hyperemesis, and pretibial edema. However, the weight loss that characterizes hyperthyroidism is less evident due to the weight gain typical of pregnancy 20 .
Disease duration, early diagnosis, and the institution of appropriate treatment are factors that affect fetal prognosis 9 . The late beginning of treatment in the present case contributed to the severity of fetal hyperthyroidism and to fetal death 6 . Neonatal thyrotoxicosis is the result of transplacental transfer of immunoglobulins that stimulate the thyroid, an event that occurs even in mothers treated months or years before pregnancy. This condition is associated with a mortality rate of 16% 10 .
Another interesting autopsy findings was the exposure of umbilical cord vessels due to the reduction of Wharton's jelly. This abnormality may involve the umbilical cord in part or as a whole, possibly leading to vessel compression and fetal death. These cords are more frequently observed in fetuses with retarded growth and in preeclampsia, but unknown causes may also to exist 3 . In the present case, the condition involved the entire cord, and no signs of vessel compression or rupture were observed. On the other hand, we do not know if there is any relationship between this finding and hyperthyroidism.
In view of the rare occurrence of a stillborn fetus with hyperthyroidism, we felt that it would be of extreme importance to study the pathologic changes in a fetus born to a patient with Graves' disease who was not treated in time to prevent the severity of the situation and the fatal outcome, and for which the immediate cause of death seems to have been heart failure due to volume overload, as shown by the macroscopic findings. O hipertireoidismo ficou comprovado pelos dados clínicos maternos, os achados fetais de exoftalmia, craniosinostose prematura e bócio com sinais de hiperatividade folicular.
A craniosinostose é causada pela ação anabólica dos hormônios tireoidianos na formação óssea, nos estágios iniciais do desenvolvimento. O início tardio do tratamento no presente caso contribuiu para severidade do hipertireoidismo fetal e óbito.
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